Abstract：Aerosol-associated non-polar organic compounds (NPOCs), including 15 polycyclic aromatic hydrocarbons
Introduction

31
In recent years, severe atmospheric pollution characterized by haze has been occurring in developing countries, affecting 32 visibility, optical radiation and human health (Yadav et 
33
China has experienced numerous severe and long-lasting haze episodes since winter in 2013, which has affected over 600 34 million local residents and covered a quarter of the country's land area (Huang et al., 2014; Hao and Liu, 2015) . In 35 essence, haze episode is caused by the distribution of particle matters with different sizes in atmosphere, leading to 36 decrease in visibility (Xie et al., 2017) . Carbonaceous aerosols contain a large amount of particle matters, accounting for 
40
Since carbonaceous aerosols can affect ambient environment significantly, it is crucial to investigate aerosol-associated 
96
Five PM 2.5 sampling sites were selected for routine air quality measurements in Jiujiang city (Table 1) , including Shihua
97
(SH), Xiyuan (XY), Shili (SL), Wuqierqi (WQ) and Jiujiangxian (JJ). All PM 2.5 filter samples were collected using The sampling site of size-specific aerosols was located at a five-story building of Jiujiang Environmental Monitor
106
Station (EM site). Airborne particle samples were collected for 23 h using a Nano-Micro-orifice Uniform Deposition 
Analysis of aerosol samples using TD-GC/MS
121
Fifty-seven NPOC species (Table 2) were identified by using an in-injection port thermal desorption union (TDU,
122
Shimadzu, Japan), coupled with gas chromatography/mass spectrometer (GC/MS, QP2010 Plus, Shimadzu, Japan). conditions. After the evaporating of solvent from internal standard was conducted via air drying for several seconds, the
132
TD tubes were capped and put into a sampler holder.
133
The sample processing time in TD tube was set to 45 min, and the TD tube was electronically cooled to -10 comparing the mass spectra and retention times of the chromatographic peak with the corresponding authentic standards. represented samples to the corresponding internal standard (CS/CIS), were generated via using Shimadzu software 172 with the slope of the curve being the RRF (relative response factor). The calibration curves for most target 173 compounds were highly linear (r 2 >0.99), demonstrating the consistency and reproducibility of this method. The 174 standard deviation (S) was calculated by using seven replicates of the second lowest standard solution, and the 175 method detection limit (MDL, MDL =3.143×S) was determined at the 99% confidence level. 176
143
Recovery experiment were conducted to improve the desorption of targeted compounds from filters and 177 experimental detection. The analytical recovery was calculated via spiking a known amount of the solution to blank 178 filter, and most compounds were recovered with recovery efficiency >90% except for several light molecule weight 179 species. The accuracy of the method was evaluated by reproducibility of the standard and selected samples 180 ascertained by processing in quintuplicate, and results suggest the analytical precision was better than 5%. 181
Diagnostic parameters and isomeric ratios 182
Different diagnostic parameters were adopted in this study to explore natural and anthropogenic contributions. The 183 parameters include carbon preference index (CPI), the carbon number of the most abundant n-alkane (C max ),
184
contributions from natural wax n-alkanes (WNA%) and petrogenic n-alkanes (PNA%), higher plant n-alkane average 185 chain length (ACL), and molecular diagnostic ratios (MDRs) for PAHs (Yadav et al., 2013; Zhao et al., 2016) .
186
(1) CPI is defined as the ratio of the total concentration of odd n-alkanes to that of even n-alkanes (Eq. (1) 
191
(2) WNA% is calculated as Eq. (2). Note that negative value of [C i -(C i-1 + C i+1 )/2] was replaced by zero. 2.6 Gas-particle partitioning model
210
Gas-particle partitioning is an important mechanism that affects the fate and transport of NPOCs (Pankow, 1994 ;Kim et 211 al., 2011). To understand the partitioning behavior of NPOCs, we evaluated the distribution of NPOCs between gas and 212 particle phases in the atmosphere. The gas-particle coefficient K p (m 3 μg -1 ) for each compound species was calculated 213 using the following equations:
where F and A represent the concentrations of NPOC in gas and particle phases (ng m -3 ), respectively; PM is the 
223
The total concentration (S) of each NPOC in gas and particle phases was calculated as Eq. (7):
Also, Jungle-Pankow model was further used to investigate gas-particle partitioning. In this model, the ratio (φ) of the 226 concentration of NPOC species in particle phase to the total NPOC concentration was calculated:
where θ represents particle surface area per unit volume of air (cm 2 cm -3 ) and c is a constant which depends on 230 thermodynamics of the adsorption process, molecular weight, and surface properties (Pa cm -1 ). In this study, c = 17. 
234
The statistical summary and the abundance of measured PM 2.5 and NPOC species are shown in Fig.2 and 
240
Fifty-seven NPOCs were identified in this study (Table 3) , including 30 n-alkanes, 2 iso-alkanes, 15 PAHs, 5 hopanes 
246
Hopanes and steranes were minor constituents, with average concentrations of 3.6±3.0 and 1.8±1.3 ng m -3 , respectively.
247
The level of n-alkanes in Jiujiang was comparable to those in Shanghai (Feng et al., 2006) 
266
Because of the vapor pressure dependent partitioning, 2-and 7-ring PAHs distributed majored in gas and particle phases,
267
respectively. However, PAHs with 3-6 rings appeared in both gas and particle phases through gas-particle partitioning.
268
The total percent contribution of 4-and 5-ring PAHs was 67.9% in this study. FLU-PYR-CHR and BaA-BaP congeners peaks at C 20 -C 22 and C 24 -C 27 implies vehicle exhaust sources (Zhang et al., 2015) . However, a unimodal distribution of 287 chain lengths of >C 30 n-alkanes (peak at C 37 ) represents tire-wear particle sources. The distribution pattern characterized 288 by large proportion of C 27 -C 33 odd n-alkanes suggests vegetation sources.
13
Our analysis showed that the middle-chain-length n-alkanes (C 25 -C 34 ) were the most abundant (Fig. 3b) n-alkanes dominated the distribution of n-alkanes in three metropolitan cities of China (Beijing, Shanghai, Guangzhou).
292
In addition, a predominance of odd carbon numbered congeners (C 25 , C 27 , C 29 , C 31 and C 33 ) was found, with C max = 31 in 293 most cases and C max = 29 in a few cases (Fig. 3b) . The C max value in this study suggests that road dust, cigarette smoke 294 and tire-wear abrasion products have all contributed to n-alkanes in Jiujiang city. However, no obvious odd/even carbon 295 preference was observed for either C 11 -C 14 nor C 35 -C 40 n-alkanes.
296
Plant wax n-alkanes exhibit strong odd/even carbon number predominance, while n-alkanes from fossil fuel combustion 297 do not (Feng et al., 2006) . Thus, biogenic n-alkanes should have CPI values greater than unity, whereas anthropogenic wax n-alkanes to the total n-alkanes (WNA%) was 17.00±4.41%, ranging from 7.94% to 31.31%. PNA% provides a 304 direct insight into n-alkanes from petrogenic sources. In this study, PNA% was 83±4.41%, implying that 83% of was approximately two times of that of steranes. As expected, the total concentrations of hopanes/steranes were 6.7/2.5, 
Size-specific distributions
322
Particulate matters within 13 size fractions were collected. The size-specific distribution of NPOCs was then obtained 323 (Fig. 4) . The total concentration of PAHs (Fig. 4a) highly variable. This suggests not only source type but also photodegradation and gas-particle partitioning have great
334
influences on the size-specific distribution of PAHs.
335
The concentrations of n-alkanes (Fig. 4b) in Aitken nuclei, Accumulation and Coarse mode particles were 1.7-3.1, 7.0-336 28.7 and 4.7-6.3 ng m -3 , respectively. The concentrations of n-alkanes in individual fractions accounted for 1.5-24.5% of 337 the total measured n-alkanes in all fractions. n-Alkanes in the 0.56-1.00 μm fraction were the most abundant, whereas 338 n-alkanes in three nano-size fractions accounted for the smallest percentages (1.5-2.5%). Notably, the concentration of 
343
The size-specific distribution of hopanes and steranes was illustrated in source profile. In addition to photochemical decay, the ratio-ratio plot can also be affected by mixed emissions.
358
In this study, IcdP/BghiP and C29-αβ-NOR/C30-αβ-H were adopted to explore the degradation of NPOCs ( 3.4 Impact of gas-particle partitioning on fine particle source apportionment 377 3.4.1 Gas-particle partitioning
378
An important aspect of atmospheric NPOCs is their gas-particle partitioning behavior, which has effects on their fate and 379 size-specific occurrence. Once NPOCs are emitted into the atmosphere, they subsequently partition between gas and 380 particle phases and a partitioning equilibrium can be reached according to their vapor pressure and temperature 381 dependencies.
17
The particle-phase fraction (φ) of NPOCs was calculated according to the classical gas-particle partitioning model (Fig. 6   383 and Fig. S1 ). The gas-phase fractions of LMW PAHs (e.g., FLO, PHE, ANT, FLU and PYR) were rather substantial, and 
396
To further evaluate gas-particle partitioning of NPOCs, φ values were compared with predicted ones by Jungle-Pankow 397 model (Fig. 7) . The φ values of LMW PAHs, short chain n-alkanes, logP 
405
Source apportionment analysis involves techniques that can be used to identify source species and their unique 406 contributions, which are critical in making policies of controlling pollution. It is typically assumed the molecular markers 407 are stable in the ambient environment, i.e., being nonreactive and nonvolatile (May et al., 2012) . However, many organic 408 markers can be oxidized over atmospherically relevant time scales, and partition between gas and particle phases. As 409 discussed above, light molecular weight NPOCs tend to shift to gas phase. If the data of NPOCs in single particle phase
are directly used as input for receptor model, this may confound the aerosol factors. To explore the impact of gas-particle 411 partitioning on PM 2.5 source apportionment, the NPOCs in single particle phase and the total NPOCs in gas-particle 412 phases were used as input data for receptor model PMF, respectively.
413
Additionally, chemical constituent of ambient aerosol is an essential step to identifying major sources and quantifying the 414 corresponding contributions to particulate matter. Individual organic tracers, elemental species, inorganic ions and
415
OC/EC have been demonstrated to be able to provide source apportionment of aerosols. Therefore, both input data of 416 single particle phase and the total NPOCs were incorporated with elemental species, inorganic ions and OC/EC. Results
417
based on single particle phase and the total phases were denoted by PMF P and PMF T , respectively. Five to eleven factors 418 were extracted in this study to obtain reasonable results. Finally, it turned out that the results of eight factors gave the 419 most reasonable source profiles ( Fig. 8 and Fig. S2 ).
420
Factor 1 (Fig. 8a ) was characterized by significant presence of Al, Ca, Mg, Ti and Fe, which are regarded as good
421
indicator of dust (including construction dust, geological dust and road dust) (Wang et al., 2015) . These elements are the 15.0% under PMF P and PMF T , respectively.
437
Factor 4 (Fig. 8d) 13.7% of PM 2.5 concentrations, respectively, which were typically derived from gas-particle conversion process as well 442 as homogeneous and heterogeneous reactions in urban atmosphere. Furthermore, the similar spatial distribution and 443 contribution in all sites highlight a widespread of these components. Consequently, factor 4 was identified as "secondary 444 aerosol formation".
445
Factor 5 (Fig. 8e) 
452
Factor 6 (Fig. 8f) 
458
Factor 7 (Fig. 8g) was characterized by high fraction of Ni and V, which are excellent tracers of exhausts from ship and 459 heavy-duty diesel vehicles. In fact, Jiujiang harbor is among the ten busiest harbors in Yangtze River, whose port cargo 460 throughput is 59 million tons per year. Hence, factor 7 was identified as "shipping and diesel exhausts".
461
Factor 8 (Fig. 8h) 
472
As stated above, using the data of single particle phase as input data for PMF model could lead to uncertainty in results,
473
which was related to gas-particle partitioning of NPOCs in the mathematical solution. In the present study, the eight 474 extracted factors in this study showed similar source profiles between PMF P and PMF T . This phenomenon could 475 reasonably occur because of the major NPOCs compounds were enriched in particle phase in the present study, 476 meanwhile, the concentrations of hopanes and steranes in gas phase were relatively low. In sharp contrast with this study,
477
Wang et al. (2016) extracted an extra light NPOCs factor in PMF P in PRD, and they found very volatile NPOCs (like 478 FLU) were quite variable in PMF T , but almost did not appear in PMF P . This difference could probably be due to the 479 PM 2.5 source identification in this study was focused on the period of high-frequency haze episodes (late autumn and 480 winter), while the research conducted in PRD included hot summer season which enhanced the uncertainty and 481 variability of predicted light NPOCs.
482
Gas-particle partitioning has important effect on the occurrence, atmospheric lifetime and transformation of NPOCs. Also,
483
size-specific aerosol distribution and photochemical oxidization have influence on gas-particle partitioning. For example,
484
gas phase oxidation reaction is much faster than heterogeneous reactions, since the uptake of heterogeneous oxidant is 485 diffusion-limited. The empirical and model predicted particle concentrations would be underestimated or overestimated,
486
compared with filed measured values. It may add the uncertainty for the input data of receptor model. In this study, using 487 the data of total organic compounds in gas-particle phases with other aerosol species as input data for receptor model
488
provides an excellent tool for PM 2.5 source apportionment. However, reasonable caution should still be given to the more 489 volatile organic species.
490
Conclusions
491
NPOCs are typical molecular markers for source identification, which attract researchers' interest worldwide. To the best 492 of our knowledge, this is the first research analyzing size-specific aerosols-associated NPOCs, conducted in a typical 493 middle-scale city in Eastern China. Fifty-seven PM 2.5 -associated NPOCs including PAHs, n-alkanes, iso-alkanes,
494
hopanes and steranes were identified and quantified using a TD-GC/MS method. The total concentrations of NPOCs
495
were 31.7-388.7 ng m -3 , with n-alkanes being the most abundant species (67.2%). The heavy molecular weight PAHs (4-
496
and 5-ring) contributed 67.9% of the total PAHs, and the middle chain length (C 25 -C 34 ) n-alkanes were the most 497 abundant in n-alkanes. The MDRs showed that 83.0% of NPOCs were originated from anthropogenic sources, including 498 pyrogenic source, fossil fuel combustion and biomass burning. photochemical degradation and emissions from mixed sources. Gas-particle partitioning model showed that the 503 calculated particle-phase fraction (φ) of the light molecular weight NPOCs ranged between 2.4% to 62.5%, while those 504 of heavy PAHs, long chain n-alkanes, hopanes and steranes were high (>90.0%). Using data based on single particle 505 phase and on gas-particle phases with other PM 2.5 compounds as input data for PMF model, respectively, we successfully 506 extracted eight factors from both cases. The PMF T (the case of gas-particle phases) showed better source profiles than
507
PMF P (the case of single particle phase), and the light NPOCs factor contributed a bit more in PMF T (5.6%) than in PMF P
508
(3.7%). This study indicates that NPOCs are useful for aerosol apportionment, and total NPOCs in two phases enable 509 better source profiles than NPOCs in single particle phase.
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